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ABSTRACT: 

PROBLEM TO BE SOLVED: To prevent a facet from being formed on the 
sidewalls 

of a selective silicon epitaxial film by a method wherein atomic hydrogen is 
adsorbed to the surface of the silicon epitaxial film by introducing the atomic 
hydrogen in the silicon epitaxial film along with raw gas and the surface free 
energy of the silicon epitaxial film is significantly reduced to reduce the 
crystal face orientation dependence of the free energy. 

SOLUTION: When hydrogen gas is made to pass through a W filament 7 
heated at 

a high temperature by a power supply 8 for filament use, 5% or thereabouts of 
the gas is dissociated into atomic hydrogen . By introducing the atomic 
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hydrogen in a selective silicon epitaxial film even on a growth condition that 
the temperature of a substrate is high and the flow rate of raw gas is low, a 
high hydrogen coverage on the surface of the silicon epitaxial film becomes 
possible like a growth condition that the temperature of the substrate is low 
and the flow rate of the raw gas is high. Thereby, the crystal face 
orientation dependence of the surface free energy of the silicon epitaxial film 
is reduced. As a result, the formation of a facet on the sidesall parts of the 
film can be inhibited. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The growth method of the selection silicon epitaxial film which is used when growing 
up a selection silicon epitaxial film on a silicon substrate by making Silang system gas into 
material gas, and carries out the feature of having introduced atomic hydrogen with said 
material gas in the case of said growth. 

[Claim 2] In the growth method of the selection silicon epitaxial film indicated to Claim 1 . [ the 
growth conditions of said selection silicon epitaxial film ] The growth method of the selection 
silicon epitaxial film which is more than the temperature as which the substrate temperature of 
said silicon substrate was determined beforehand, and is characterized by the flux of said 
material gas being smaller than predetermined flux. 

[Claim 3] The growth method of the selection silicon epitaxial film characterized by for the 
filament heated by high temperature decomposing hydrogen gas in the growth method of the 
selection silicon epitaxial film indicated to Claim 1 or 2, and generating said atomic hydrogen. 
[Claim 4] The growth method of the selection silicon epitaxial film characterized by 
disassembling hydrogen gas and generating said atomic hydrogen with the filament and 
thermal electron which were heated by high temperature in the growth method of the selection 
silicon epitaxial film indicated to Claim 1 or 2. 

[Claim 5] In the growth method of the selection silicon epitaxial film indicated to Claim 4, said 
filament between the electrodes arranged near said filament and this filament [ negative ] The 
growth method of the selection silicon epitaxial film characterized by giving potenfial difference 
so that said electrode may become positive, and pulling out a thermal electron from said 
filament side to said electrode side, and for this thermal electron and said filament 
decomposing hydrogen gas, and generating said atomic hydrogen. 

DETAILED DESCRIPTION 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the method of controlling the fomn of a 
selection silicon epitaxial film side wall part especially about the growth method of a selection 
silicon epitaxial film of using Silang system gas, such as Silang or JISHIRAN, as materials. 
[0002] 

[Description of the Prior Art] First, the equipment used for this kind of the growth method is 
outlined. 

[0003] Drawing 9 is an example of the equipment used when growing up a selection silicon 
epitaxial film on a silicon substrate by using Silang system gas, such as Silang or JISHIRAN, 
as materials. 

[0004] Generally [ this l<ind of selection silicon epitaxial growth equipment ] [ have the turbo 
molecular drag pump 6 for carrying out differential pumping of the susceptor 5, and the growth 
room 2 and the heater room 3 for supporting the growth room 2, the heater room 3 where the 
substrate-heating heater 4 has been arranged, and the silicon substrate 1, and ] like illustration 
The growth room 2 and the heater room 3 are in the state where it was divided by the silicon 
substrate 1 . 

[0005] With this equipment, at the substrate-heating heater 4, only the silicon substrate 1 is 
heated and the growth room 2 made from stainless steel is not heated, therefore - not 
decomposing the Silang system material gas (for example, Silang, JISHIRAN, 
JIBORANGASU) introduced from the gas nozzle 9 in growth room 2 insides in the gaseous 
phase ~ the silicon top of the silicon substrate 1 ~ heat dissociation ~ and it will adsorb, an 
excessive hydrogen atom will be emitted and silicon will be deposited. 
[0006] On the other hand, since it is immediately desorbed from it even if it sticks to it again 
that adsorption does not take place easily on insulating films, such as an oxide film, since 
material gas reaches on the silicon substrate 1 as it is, without making an activity intermediate 
product chemically in the gaseous phase, silicon is hard coming to grow up. As a result, silicon 
carries out selection growth only on silicon during the latent period until silicon formation is 
started on the oxide film determined by substrate temperature and material gas flux. 
[0007] It is low in substrate temperature and the silicon epitaxial film side wall part (contact part 
with an insulating film) which carried out selection growth becomes difficult to form a facet on 
the growth conditions which increased material gas flux as indicated in this case, for example, 
JP,H4-74415,A. On the other hand, it is high in substrate temperature and becomes easy to 
form a facet on the growth conditions which lessened material gas flux. 
[0008] This facet is Jounal. of Crystal Growth as indicated to 136(1994) p.349-354 Surface free 
energy changes with plane directions of a silicon crystal, for example, on a silicon substrate 
(100), not only a field (100) but surface free energy is small in early stages of silicon growth 
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(111), or (31 1) a field is formed. And a facet will be formed as a result of growth advancing with 
this form (state) held. Thus, that the small field of surface free energy is formed depends the 
increase in free energy accompanying a deposit of crystalline silicon on the Reason which it is 
going to control to the minimum. 

[0009] Under the present circumstances, it is low in substrate temperature and it is based on 
the following Reasons by increasing material gas, for example, JISHIRAN flux, that a facet 
becomes is hard to be formed. 

[0010] It is easy to stick on the silicon surface to the hydrogen atom which ****(ed) from 
JISHIRAN, so that substrate temperature is low, and there are so many the amounts of 
adsorption that there is much JISHIRAN flux. Surface free energy falls [ the silicon surface 
terminated with this hydrogen atom to which it stuck ] sharply, the plane direction dependability 
of surface free energy is canceled as a result, and facet formation becomes difficult to take 
place. 

[001 1] [ that on the contrary, a facet becomes it is high in substrate temperature and is easy to 
be formed by lessening material gas, for example, JISHIRAN flux, ] It is because it is hard to 
stick on the silicon surface to a hydrogen atom, so that substrate temperature is high, and the 
silicon crystal face direction dependability reduction effect of the surface free energy by a 
hydrogen atom is inhibited since there are few amounts of adsorption of a hydrogen atom so 
that there is little JISHIRAN flux. 

[0012] As one of the important applications of a selection silicon epitaxial film, application in 
the bidding up structure of the source / drain part in a MOS transistor with a detailed 0.1- 
micrometer rule, level is. 

[0013] After forming [ this MOS transistor ] an element separation oxide film and a gate in a 
silicon substrate, in order to form a source/drain with shallow PN junction depth for the purpose 
of control of the short channel effect Only on the silicon which should serve as a source/drain, 
a silicon epitaxial film is grown up alternatively. Then, the ion implantation for a source / drain 
formation is performed. Under the present circumstances, if a facet is in the side wall part of an 
epitaxial film as menfioned above, since film thickness is thin, PN junction depth after ion 
implantafion will become deep in a place with a facet, so that it becomes close to a side wall 
part after all. As a result, the control effect of the short channel effect will be lost. 
[0014] The growth method of a selection silicon epitaxial film that a facet is not formed in a side 
wall part from an above-mentioned Reason is required. In above-mentioned JP,H4-74415,A 
Paying attention to the existence of facet formation being infiuenced by the difference among 
growth conditions, as the growth method of a selection silicon epitaxial film that a facet is not 
formed, it is low in substrate temperature and the selecfion silicon growing method by the 
growth condifions which increased material gas flux is offered. 

[0015] Although the marginal epitaxial film thickness in which selection growth of a up to [ the 
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silicon substrate which drawing 6 made JilSHIRAN material gas and punctured the oxide film 
partially ] is possible is shown It is low in drawing 6 to substrate temperature, and it turns out 
that the silicon epitaxial film thickness which can grow on the selection growth conditions that 
silicon does not deposit on insulating films, such as an oxide film, is thin on the growth 
conditions which increased material gas flux further. 

[0016] If it is going to apply a selection silicon epitaxial film to the bidding up structure of the 
source / drain part of a detailed MOS transistor which was mentioned above When it takes into 
consideration that about lOOOAfilm thickness is required, [ in such a case ] The method 
indicated to JP,H4-74415,A can be applied, and when forming an about 1000A selection 
silicon epitaxial film, growth will be performed considering growth conditions as the substrate 
temperature of 650 degrees C or more, aind 4 or less seem of JISHIRAN flux. 
[0017] 

[Problem to be solved by the invention] As mentioned above, [ if it is going to apply a selection 
silicon epitaxial film to the bidding up structure of the source / drain part of a detailed MOS 
transistor, about 1000A film thickness will be required, but ] For that purpose, the method of a 
description cannot be applied to JP,H4-74415,A, but growth conditions will be made into the 
substrate temperature of 650 degrees C or more, and 4 or less seem of JISHIRAN flux. 
However, on this growth condition, there is a probleni that a facet will be formed in a selection 
silicon epitaxial film side wall part as mentioned above. 

[0018] The purpose of this invention is to offer the growth method of a selection silicon 
epitaxial film that the selection silicon epitaxial film which has about 1000A film thickness can 
be grown up, without forming a facet in a selection silicon epitaxial film side wall part. 
[0019] 

[Means for solving problem] [ the growth method of the selection silicon epitaxial film of this 
invention ] At the time of the growth of a selection silicon epitaxial film made into material gas, 
Silang system gas, such as Silang or JISHIRAN, is set on the growth conditions that substrate 
temperature is high and that said material gas flux is small. By introducing atomic hydrogen 
simultaneously with said material gas, it is characterized by controlling the form of a selection 
silicon epitaxial film side wall part. 

[0020] When generating the above-mentioned atomic hydrogen, atomic hydrogen is generated 
by disassembling hydrogen gas by the filament heated by high temperature. Furthermore, the 
filament side between the filament heated by high temperature and the electrode arranged in 
the neighborhood [ negative ] A thermal electron is pulled out from the filament side to the 
electrode side, the filament heated by a thermal electron and high temperature decomposes 
hydrogen gas, and you may make it generate atomic hydrogen by giving potential difference 
so that the electrode side may just becorhe. 

[0021] Said atomic hydrogen sticks to the silicon surface, and in order to reduce the surface 
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free energy of silicon sharply, it has the crystal face direction dependability reduction effect of 
said silicon surface free energy. Therefore, that said material gas flux passes said atomic 
hydrogen simultaneously with said material gas on small growth conditions highly [ said 
substrate temperature ] controls the facet formation in the side wall part (contact part with an 
insulating film) of said selection silicon epitaxial film. 
[0022] 

[Mode for carrying out the invention] Next, this invention is explained with reference to 
Drawings. 

[0023] Drawing 1 is selection silicon epitaxial growth equipment used in the 1st example of the 
growth method of the selection silicon epitaxial film by this invention. With the equipment of 
illustration, the same reference number is attached about the same constituent factor as the 
selection silicon epitaxial growth equipment shown In drawing 9 . [ that is, the selection silicon 
epitaxial growth equipment of illustration ] It has the turbo molecular drag pump 6 for carrying 
out differential pumping of the susceptor 5, and the growth room 2 and the heater room 3 for 
supporting the growth room 2, the heater room 3 where the substrate-heating heater 4 has 
been arranged, and the silicon substrate 1. Furthermore, it has the W filament 7, the power 
supply 8 for filaments, and the hydrogen gas piping 10 for introducing atomic hydrogen in the 
growth room 2. 

[0024] When hydrogen gas passes the W filament 7 heated by high temperature by the power 
supply 8 for filaments, it is ****(ed) to atomic hydrogen. [ the about 5% of ] Also on the growth 
conditions with little material gas flux that substrate temperature is high, the high hydrogen 
covering rate on the silicon surface of substrate temperature becomes possible like low growth 
conditions with much material gas flux by introduction of atomic hydrogen. Since the crystal 
face direction dependability of surface free energy is reduced by this, by it, facet formation of 
an epitaxial film side wall part will be controlled. 

[0025] The example which performed selection silicon epitaxial growth by making JISHIRAN 
into material gas hereafter on the silicon substrate which actually punctured the oxide film 
partially is explained. 

[0026] First, wet oxidization of the silicon substrate with a diameter of 150mm which has a field 
(100) was carried out at the temperature of 1000 degrees C, and the 2000A thermal oxidation 
film was formed in the surface. Next, the puncturing pattern was formed by wet etching using 
photo lithography and about 17% of buffered fluoric acid of this substrate. The rate of the 
puncturing pattern part of an oxide film carried out to 10% of the whole substrate surface 
product. 

[0027] Next, after washing at 70 degrees C for 10 minutes and removing the organic matter on 
the surface of a substrate, and a particle with the medical fluid which consists this substrate of 
ammonia / hydrogen peroxide / pure water (composition ratio 1 :5:20), it washed with pure 
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water for 10 minutes. After removing the natural oxidation film continuously formed in the 
substrate surface by dipping in 0.5% of rare fluoric acid for 1 minute, the flush was performed 
for 2 minutes and, finally it dried with the RINSA drier. And this substrate was set in the growth 
equipment shown in drawing 1 . The pressure in the growth room 2 at this time was 1x10-9torr. 

[0028] It held until it heated this substrate 1 to 700 degrees C and substrate temperature 
stabilized it at the substrate-heating heater 4. Then, while introducing JISHIRANGASU into the 
growth room 2 by flux 1sccm. hydrogen gas was poured zero to 5 seem in the growth room 2 
through the W filament 7 heated at 2000 degrees C, and the 1000A selection silicon epitaxial 
film was grown up. The JISHIRANGASU partial pressure at this time was 2.5x1 0-5torr, and 
hydrogen gas partial pressure was 0-1 .2x10-4torr. 

[0029] Drawing 2 - 5 are the mimetic diagrams of the hydrogen gas flux 5, 4, and 1 and the 
cross-sectional form after the selection silicon epitaxial growth in the case of Osccm. 
respectively. As shown in drawing 5 , when not pouring hydrogen gas at all, it turns out that a 
big facet is formed in the contact part of the silicon epitaxial film 12 and an oxide film 11. 
[0030] When breadth of this facet part was set to W and height was set to D, W was 2000A 
and D was 1000A. 

[0031] As shown in drawing 4 , when hydrogen gas flux was set to Isccm, the facet was 
reduced compared with the case where hydrogen gas is not poured at all, W was 1000A and D 
was 500A. Furthermore, as shown in drawing 3 and drawing 2 , when hydrogen gas flux was 
set to 4 and 5sccm, respectively, facet formation was controlled sharply and both the values of 
both of 200A and D of the value of W were 100A. 

[0032] Next, the hydrogen gas flux dependability of the facet length W is shown in drawing 8 . 
Facet formation can be sharply controlled by making hydrogen gas flux increase so that clearly 
from drawing 8 . When hydrogen gas passes the W filament 7 heated by high temperature by 
the power supply 8 for filaments, the part **** this to atomic hydrogen, and [ atomic hydrogen ] 
The high hydrogen covering rate on the silicon surface is made possible like [ substrate 
temperature is high, and substrate temperature is low also on growth conditions with little 
material gas flux, and / at the time of growth conditions with much material gas flux ]. For this 
reason, the crystal face direction dependability of surface free energy will be reduced, and 
facet formation of an epitaxial film side wall part will be controlled. 
[0033] Next, the 2nd example of this invention is explained. 

[0034] Drawing 7 is the figure showing typically the hydrogen gas induction used in the 2nd 
example of the growth method of the selection silicon epitaxial film by this invention. The 
composition of those other than hydrogen gas induction is the same as that of the equipment 
shown in drawing 1 . 

[0035] With reference to drawing 7 . it has the electrode 1 1 for thermal electron drawers for 
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pulling out the thermal electron generated in the W filament 7 heated by high temperature by 
the power supply 8 for filaments with this equipment. 

[0036] Here, the W filament 7 impressed voltage so that negative and the electrode 1 1 for 
thermal electron drawers might just become. This equipment is used for below and the 
example which actually carried out selection silicon epitaxial growth is explained. 
[0037] A silicon substrate and its pretreatment were made the same as that of the 1st example. 
And it set in the growth equipment which has the hydrogen gas induction which shows drawing 
7 this substrate. This substrate 1 was heated to 700 degrees C at the substrate-heating heater 
4 like the time of the 1st example, and it held until substrate temperature was stable. Then, 
pass JISHIRANGASU 1 seem in the growth room 2, ground simultaneously the W filament 7 
heated at 2000 degrees C. and the voltage of 1 .5kV is impressed to the electrode 1 1 for 
thermal electron drawers. Hydrogen gas was poured zero to 5 seem, and growth formation of 
the 1000A selection silicon epitaxial film was carried out. The JISHIRANGASU partial pressure 
at this time was 2.5x1 0-5torr, and hydrogen gas partial pressure was 0 - 1 .2x10-4torr. 
[0038] Thus, the hydrogen gas flux dependability of the facet length W of the formed epitaxial 
film is shown in drawing 8 . In this example, the facet length W was able to be decreased to 
about 200A by smaller hydrogen gas flux compared with the 1st example so that drawing 8 
might show easily. This not only heated W filament to high temperature, but [ this ] by having 
pulled out the thermal electron to the electrode 11 It is because hydrogen gas went up twice 
[ about ] compared with the case where it decomposed into atomic hydrogen and the 
generation efficiency of atomic hydrogen decomposes hydrogen according to the 1st above- 
mentioned example, i.e., the heat of W filament, as a result, also not only by the heat of a 
filament but by the collision with the accelerated thermal electron. 

[0039] Although the above-mentioned example has explained application in the source / drain 
bidding up structure of the MOS transistor of a selection silicon epitaxial film as an example 
This invention can be applied when, applying a selection silicon epitaxial film to the channel 
part of a MOS transistor, of course. 
[0040] 

[Effect of the Invention] [ according to this invention / Silang system gas, such as Silang or 
JISHIRAN, ] at the time of the growth of a selection silicon epitaxial film used as materials as 
explained above On the growth conditions which can make thicker film thickness in which 
selection growth is possible that substrate temperature is high and that material gas flux is 
small, it is effective in facet formation of a selection silicon epitaxial film side wall part being 
controllable by passing atomic hydrogen simultaneously with material gas. And it becomes 
possible by controlling facet formation to form the bidding up structure of the source / drain part 
in a MOS transistor with a detailed 0.1 -micrometer level. 
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